Introduction {#s0005}
============

A stable screw fixation needs a strong implant. Current implants made of steel or titanium are considered appropriate to reduce motion within the fracture gap to an acceptable range. However implant removal following fracture healing requires a secondary procedure accompanied especially with increased infection risk. Biodegradable materials are an option to overcome this issue. Such implants commonly consist of polymers, which might lack mechanical strength. Polymer degradation works by hydrolysis resulting in acidity, which again might induce phenomena like foreign body reactions [@bb0005], [@bb0010].

Biodegradable metal having a magnesium basis might be an innovative alternative. Several such alloys have recently been studied in animal experiments [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050]. In 2013, the compression screw MAGNEZIX® CS (Syntellix AG, Hanover, Germany) was the first magnesium implant to be approved for application in humans. The implant chemically consists of the alloy MgYREZr. In this case report the screw with a 3.2 mm diameter was used, which is available in lengths between 10 mm and 40 mm (in 2 mm increments) ([Fig. 1](#f0005){ref-type="fig"}). Currently there are only three clinical studies on this innovation, reporting about MAGNEZIX® CS fixations of Chevron osteotomies [@bb0010], [@bb0055], [@bb0060]. Comparing the results to a control group fixed with a conventional screw, no disadvantages were identified [@bb0010]. Up to now, there is no clinical report available on trauma applications for magnesium implants.Fig. 1The MAGNEZIX® CS resembles a cannulated conventional compression screw. It is made of a completely bioabsorbable magnesium alloy (MgYREZr).Fig. 1

Case history {#s0010}
============

We report the case of a 43-year-old female horse rider who suffered a bimalleolar ankle fracture during a fall (AO-ASIF 44-A2.3). There was little displacement of the medial malleolus, however the CT scan revealed a notable impression zone and a loose intraarticular fragment. The lateral malleolar fracture consisted of a bony avulsion of the anterior talofibular and the calcaneofibular ligament ([Fig. 2](#f0010){ref-type="fig"}). As operative fixation of the medial malleolus seemed appropriate we decided on an additional stabilization of the lateral malleolus, aiming for rapid postoperative mobilization without cast.Fig. 2Ankle fracture type AO-ASIF 44-A2.3 in a 43-year-old healthy female.Fig. 2

The procedure was performed under spinal anaesthesia four days after trauma. We performed open reduction and internal fixation (two conventional cortical screws) for the medial malleolus. An osteochondral fragment was removed. The fracture of the lateral malleolus was addressed by a small incision, allowing for reduction and temporary fixation using a 1.5 mm Kirschner wire. Definitive fixation was achieved by a 24 mm long MAGNEZIX® CS 3.2 inserted over a guide wire (Ø 1.2 mm). Operative technique is completely equivalent to that in other cannulated compression screws (drilling Ø 2.5 mm, countersink Ø 3.5 mm, Ø 3.2 mm-screw insertion; all steps cannulated over guide wire).

Postoperative wound healing was uneventful. For mobilization range of motion was unrestricted, and the patient was advised for partial weight-bearing (15 kg). No cast, brace, or other immobilization aid was applied.

Six weeks postoperatively, a notable radiolucent zone appeared around the proximal part of the MAGNEZIX® screw. The fracture had not healed at this time point ([Fig. 3](#f0015){ref-type="fig"}), however full weight-bearing was allowed. Three months after trauma, fracture consolidation was confirmed by plain radiography with the radiolucent zone unchanged ([Fig. 4](#f0020){ref-type="fig"}). Metal removal at the medial malleolus was performed eight months postoperatively. At that time the radiolucent area had begun to decrease in size, still being detectable around the proximal third of the MAGNEZIX® screw only ([Fig. 5](#f0025){ref-type="fig"}).Fig. 3Six weeks postoperatively a radiolucent area occurred around the proximal part of the MAGNEZIX® screw. Fracture consolidation seemed incomplete.Fig. 3Fig. 4Three months postoperatively the fracture had healed. The radiolucency appears unchanged.Fig. 4Fig. 5Metal removal was performed eight months postoperatively only at the medial malleolus. The radiolucency at the lateral side was still detectable at this time, however clearly decreasing in size.Fig. 5

At long-term follow-up 17 months later the patient displayed an excellent clinical result with unrestricted range of motion without pain, swelling, or other functional deficits. The radiolucency had nearly completely vanished at that time ([Fig. 6](#f0030){ref-type="fig"}).Fig. 617 months postoperatively the radiolucent area was hardly detectable. Clinical outcome was excellent (ankle score of Olerud/Molander: 95).Fig. 6

Discussion {#s0015}
==========

Metal removal may be challenging especially for small, percutaneously inserted implants. Considerable field damage may occur, thus the decision for implant removal needs to be made cautiously. Usage of biodegradable and nevertheless sufficiently strong metal screws would represent a remarkable advantage regarding this issue. Theoretical applications include all kinds of screw fixation in small bones as well as fixation of small fragments including osteochondral flakes. The MAGNEZIX® screw is approved for these indications in over 20 countries. The manufacturer explicitly recommends this implant for intra- and extraarticular fractures, non-unions, bone fusions, bunionectomies and osteotomies.

Up to now there are three publications on the clinical application of the MAGNEZIX® CS, examining fixation of Chevron-type osteotomies of the first metatarsal bone [@bb0010], [@bb0055], [@bb0060]. Our report is now the first one to deal with its application in the trauma field. After fixation of a distal fibular fracture with a MAGNEZIX® compression screw we observed uneventful healing both clinically and radiologically. A remarkable radiolucency around the implant appeared for several months but did not interfere with bone consolidation and almost disappeared in the late process of healing.

Experimental studies on the MgYREZr alloy proved biocompatibility and osteoconductivity. There seems to be no potential for allergic effects [@bb0005]. Several studies on magnesium implants even revealed an osteogenic potential [@bb0005], [@bb0010], [@bb0015].

Although we observed an uneventful consolidation of a malleolar fracture, the radiolucency around the MAGNEZIX® screw seems not to be consistent with the proposed osteoconductivity. A study of Windhagen et al. did not describe such radiolucencies around the Chevron osteotomies [@bb0010]. Degradation of MgYREZr is known to produce hydrogen, which can form cavities within the tissue [@bb0065]. However, animal experiments with 1-year follow-up indicated no associated bone loss [@bb0050]. Ultimately the radiolucency decreased eight months postoperatively in our case. It did not interfere with the fracture area.

Operative technique and handling of the MAGNEZIX® compression screw was completely equivalent to conventional metal screws made of titanium. Although magnesium alloys are generally less stiff than titanium [@bb0025], [@bb0050], applied torques and intraoperative stability appeared comparable to conventional implants. Degradation studies showed an implant mass reduction of less than 10% during the first six weeks, with the pull-out forces even increasing after four weeks [@bb0020], [@bb0035]. In animal experiments complete degradation of MgYREZr implants takes about one year [@bb0050].

Conclusion {#s0020}
==========

The MAGNEZIX® CS 3.2 (Syntellix AG, Hanover, GERMANY) is a fully degradable implant made of the magnesium alloy MgYREZr. Reports on clinical applications are limited to Chevron osteotomies. For the first time ever we report on a trauma application, using the implant for lateral malleolar fracture fixation in an ankle fracture. The uneventful healing was accompanied by a radiolucency, which formed within six weeks postoperatively and had disappeared after 17 months. This phenomenon has not been reported yet. Further clinical reports are needed, as our finding is not quite consistent with former studies indicating osteoconductive properties of magnesium implants in humans.
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